The Localization And Distribution Of Gram-Positive Cocci In Normal Skin And In Lesions Of Acne Vulgaris  by Imamura, Sadao
THE JOURNAL OF I NVESTIGAT IVE DERMATOLOGY, 65:244- 247, 1975 
Copyright © 1975 by T he Williams & Wilkins Co. 
Vol. 65, No.2 
Printed in U.S.A. 
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SADAO IMAM URA , M .D. 
Department of Dermatology , Faculty of M edicine, Kyoto University, Kyoto, Japan 
The locali zation of gram-pos itive COCC I In the normal sk in and in the lesions of acne 
vu lgaris was investigated using fluorescein-labeled antiserum raised to gram-positive, 
coagulase-negative cocci. The cocci were found in 10 of 19 spec imens from normal facial skin 
and in 3 of 11 specimens from the normal skin of the rest of t he body. The bacteria were found 
mostly in the openin gs of follicles, but in 6 of 10 facial skin specimens, t hey were a lso present 
deeply in the lumina of the dilated sebaceous follicles near the sebaceous glands. Cocci were 
found in 5 of 6 noninflammatory acne comedones. In inflammatory acne they were 
demonstrated not only in the follicular canals but also sparsely in the infiltrate surrounding 
the follicles. 
Coryne bac terium acnes , coagu lase- nega ti ve 
cocc i and Pityrosporum ovale have been frequently 
cultured from folli cular canals of normal skin and 
lesions of acne [1-4 ]. All three organ isms are 
thought to play an important role in the pathogen-
esis of acne since in vitro exper iments indicate that 
they produce free fatty acids from sebum triglycer -
ides [5- 7]. 
Ho .... ever, based on observations on free fatty 
acid levels in scalp lipids after the administration 
of selective antibiotics to patients with these 
organisms, Marples et a l [8- 10] showed that C. 
acnes was mainly responsible for lipolysis of tri-
glycerides, although P. ovale had some activity 
when C. acnes density was low, and cocci played no 
part in lipase production in vivo. 
Corynebacterium acnes is a gram-positive bacte-
rium which is difficult to difIerentiate from gram-
positive cocci in t issue sections. In a previous 
report, we demonstrated t he locali zation and dis-
tribution of C. acnes in normal skin and acne 
lesions using an immunofluorescent technique 
[lll . The present investigation focus.ed on the 
demonstration of cocci in the tissues of normal sk in 
and acne les ions. Fluorescein isothiocyana te-
labeled antiserum to gram-positive, coagulase-
negative cocci was used for the studies. 
MATERlALS AND METHODS 
A suspension of forma lin-killed bacteria was prepared 
from gram-positive, coagulase-negative cocci which were 
isolated from a n acne comedo. Albino rabbits weighing 
2.0 to 2.5 kg were given an in tramuscular injection of a 
mixture of 10 ml of the bacterial suspension at a 
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concentration of 100 mg per ml and an equal volum e of 
complete Freund's adjuvant. Four weeks later, they were 
given three courses of intravenous injections conSisting of 
inoculation on 3 successive days and a rest of 4 days. The 
first injection consisted of 0.5 ml of the bacterial suspen-
sion at a concentration of 1 mg per ml, and this was 
increased 0.5 ml each day until 4.5 ml was injected . The 
rabbits were bled 5 days after the last injection. Aggluti-
nation titers in sera were 1 :5120. 
T he crude globulin fraction of the antiserum was 
conjugated with l1uorescein isothiocyanate a nd the con-
jugate was purified through a DEAE- cellu lose column as 
previously described [11] . Preparation of smears and 
sections, and staining with the conjugate were also 
performed as previously described [11] . Examination of 
specimens was done through a Zeiss fluorescence micro-
scope, equipped with Osram HBO 200 maximum pres-
sure mercury lamp. Photomicrographs were recorded on 
35 mm Kodak Tri-X Pan fi lm . 
The specifi city of the staining reaction was confirmed 
by the absence of stainin g reaction of the adjacent sec-
tions after absorption of the conjugate with coagulase-
negative cocci. 
RESULTS 
Staining of Bacterial Smears 
The specificity of t he conjugate was initially 
evaluated using smears of homologous and heter-
ologous bacteria. As shown in the Table, t he conju-
gate reacted intensely to gram-positive cocci (Fia. 
1), but did not react to C. acnes, P. ovale, or E. coli. 
There was not much difference in the reactivity 
of the conjugate to var ious Baird-Parker types of 
gram-positive cocci. In order to eliminate the 
reactivity of the conjugate to gram-positive, coagu-
lase-positive cocci (Staphy lococcus aureus), ab-
sorpt ion of the conjugate with S . aureus was 
attempted. Although t he absorbed conjugate did 
not react to S. aureus, the reactivity to other types 
of the cocci also almost disappeared . Accordingly, 
the present experiments were carried out using 
unabsorbed conjugate, and t he reaction was con-
sidered to indicate the localization of gram-po i-
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F iG. 1. Smear of Ba ird·Pa rker S II reacted in tense ly 
. h flu orescein -la beled , gra m-posit ive, coagulase- nega-~I t a n t iserum (x 320). 
t1Ve 
TABL E. Innunofluorescent staininlf of bacteria with 
f luorescein - labeled, gram -posit ive . coagulase·negative 
COCC I. antLserum 
Bacteria 
-;;:ryn e bacter ium acnes 
Pity rosporurn ovale 
Esch er ichia caLL . . 
h y lococc i a nd micrOCOCCI StaP 
. d _Parker type SI (S . aureus ) 
BaIr SIl 
-
sm 
SIV 
SV 
SVI 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Immuno· 
fluorescence 
++ 
+++ 
Not done 
++ 
+++ 
+++ 
++ - +++ 
+++ 
++ - + ++ 
++ 
Not done 
Not don e 
++ 
tive cocci (staphylococci and micrococc i) in gen-
eral. 
Localizatio(L of Cocc i in Normal Sk in 
Nin eteen biopsy. s pec imens of normal sk in we re 
taken fro m. the face and 11 fr~m other skll1 , 
. luding 3 irom the abdomen, 3 from the a rm , 2 ~ncOl t he chest, 2 from the bac k, and 1 from the 
~~ttocks. A lthough many kinds of auto fluores,.-
nce (ligh t- blue fluorescence of t he horny layer, ~~rny' mass, ha ir shafts wi thin the follicles, and 
lastic fiberS; d ark -blue f1uorescence from co ll agen 
~ibers) were vi~ ibl e in . the sections, t hey were 
read ily djst i.~ guish a bl e from ~h e apple.-green color 
fthe s pecif Ic fluorescence of the COCC I. 
o In fac ial s kin , the cocc i were demonstrated in t he 
horny layer and in the follicul a r canals. However, 
the cocci in t he horny layer were not taken in to 
consideratio~ . in t he prese ~l t study, because the 
most s uperf lcia l port IOn of the horny layer may 
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have been removed during process ing of the sec-
tions . Cocci were found in t he folli cular cana ls in 
10 of 19 s pec imens, and t hey were scattered mostly 
in folli cul ar orifices . In 6 to 10 spec imens, however, 
cocc i were a lso detected in the lumina of the 
dilated sebaceous fo llicles deeply near the seba-
ceous glands, and , in addition, small quanti ties of 
amorphous bacteri al ant igen which was demon-
. strable as diffuse apple-green fluorescent materi al 
was seen (Fig. 2). T he cocc i and t heir ant igens in 
the follicul ar lumin a were not as prominent as C. 
acnes which often formed large masses and filled 
the ent ire lumen of t he fo llicles [11 ]. Cocci and 
their antigen were never observed within t he seba-
ceous gland itself. 
In the skin other than from t he face, cocci were 
found only in 3 or 11 spec imens. The bacteri a were 
limited to the openings of the fo llicular cana ls, and 
no cocci were observed below the infund ibulum 
(Fig. 3). 
Localizat ion of Cocci in Acne Lesions 
S ix biopsy spec imens of noninfl amm atory acne 
comedones and 13 of in fla mmatory acne lesions 
were taken from the face. 
N oninflammatory acne com edones. The cocc i 
and t heir ant igens were demonstrated in 5 to 6 
spec imens of comedones. They were found between 
FIG. 2. Sebaceous follicle of the face. Cocci a nd their 
a nt igens (a morphous materia l) (e) are seen in the lumen . 
Autoflu orescence of kera tohyaline granules (K) of t he 
follicular epi thelium is shown near margins (x 680). 
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FIG. 3. Follicular canal of the abdominal skin . Cocc i 
(C) are scattered in the open in g of the canal. Horny 
masses (If) show autofluorescence ( x 280). 
Frc. 4. Nonint1ammatory acne comedo. Cocci and their 
antigens (C) are seen between the horny masses (H) 
which show autofluorescence (x 475). 
t he horny masses of the comedones (Fig. 4). 
Individual bacteri a were often easily ident ified in 
the bacterial masses, in contrast to C. aenes which 
formed compact masses in which individual bacte-
ria could not be ident ified [11] . 
Inflammatory acne lesions. The inflammatory 
acne lesions examined consisted of 6 papules and 7 
pustules . Cocci and their ant igens were demon-
strated in 3 of 6 papules and 4 of 7 pustules . The 
bacteria were found not only in the follicular canals 
but also in t he inflamm atory infiltrate around the 
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follicles. In the follicul ar canals, t he bacteria were 
seen between the horny masses just as in nonin-
flamm atory comedones. On the other hand , the 
quan t ity of cocci in t he inf1ammatory infil trate was 
surprisingly small. Only a few bacteria were seen 
outside of the inf1amm atory cells. 
DISCUSSION 
Although many types of gram-positive cocci are 
iso lated from t he normal skin and acne lesions, it 
has been reported that Baird -Parker Type SII was 
predomin ant both in normal face and acne lesion 
(1 2J. In order to demonstrate the precise locali za-
tion of a given type of cocci by means of an 
immunofluorescent technique , a strictly specific 
antise rum aga inst the cocc i is required. The coagu-
lase-negative cocc i antiserum prepared for the 
present study revealed strong cross-reactivi ty 
a mong vari ous Baird-Parker types of cocci. Even 
the absorpt ion procedure with S. aureus fai led to 
produce t he s pecifically reactive conjugate to coag-
ulase-negative cocc i. This may be due to common 
ant igens contained in t he gram-pos it ive cocc i [13], 
In normal skin other than from the face , cocci 
were found only in the openings of the follicles , and 
no cocc i were seen below the infundibulum . Thi 
agrees with the findings of other investigator:.s [14 
15]. In contrast, in the di lated sebaceous follicles of 
the face, cocci were also found deeply below the 
infundibulum of t he foll icular canals near the 
sebaceous glands. This finding is quali tatively 
similar to that of C. acnes, a lthough the latter 
bacteri a were much more densely found in large 
masses [11 J. 
Both in t he les ions of noninf1 ammatory acne 
comedones and in the lesions of inf1ammatory 
acne, t he localization of t he cocc i was similar to 
that of C. aenes [11 J. However, cocc i were present 
in much lower concentration. This differ'! from the 
findings of Izumi , Marpl es, and Kligman [3J and 
Marples and Izumi [4 J, who cultured roughly equal 
numbers of C. aenes and aerobic cocci from le-
sions of pustular acne, although C. aenes outnum_ 
bered cocci in acne comedones. 
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